There is increasing interest in the presence of Staphylococcus aureus, specifically methicillin-resistant S. aureus (MRSA), on retail meat products. In this study, staphylococci were isolated from retail pork and retail beef in Georgia, and MRSA from the products was compared to human MRSA from the same geographic area using broth microdilution antimicrobial susceptibility testing, multilocus sequence typing (MLST), spa typing, SCCmec typing, and pulsed-field gel electrophoresis (PFGE). S. aureus was isolated from 45% (45/100) of pork products and 63% (63/100) of beef products; mecA was detected in S. aureus from both pork (3/100; 3%) and beef (4/100; 4%). Fifty percent (50/100) of human S. aureus also contained mecA. Multidrug resistance was detected among MRSA from all sources. All MRSA (n ‫؍‬ 57) was SCCmec type IV, and nine different spa types were present among the isolates (t002, t008, t012, t024, t179, t337, t548, t681, and t1062). Four sequence types (ST5, ST8, ST9, and ST30) were detected using MLST; the majority of MRSA isolates belonged to ST8, followed by ST5. One retail beef MRSA isolate belonged to ST8, while the remaining three were ST5. In retail pork MRSA, ST5, ST9, and ST30 were observed. The majority of human MRSA isolates belonged to ST8. Thirty-seven MRSA isolates, one of which was a retail beef MRSA isolate, were pvl ؉ . Using PFGE, MLST, and spa typing, three retail beef MRSA isolates were found to be identical in PFGE pattern, ST, and spa type to two human clonal MRSA isolates (USA100 and USA300). One additional retail beef MRSA isolate had a PFGE pattern similar to that of a human MRSA isolate, whereas none of the retail pork MRSA isolates had PFGE patterns similar to those of human MRSA isolates. These data suggest that the retail beef samples were contaminated by a human source, possibly during processing of the meat, and may present a source of MRSA for consumers and others who handle raw meat.
S
taphylococcus aureus is a Gram-positive bacterium that can be commonly found on the skin or in the nasal passages of most humans and animals (1) . It has been implicated in a number of diseases in humans, ranging from minor, uncomplicated skin infections to more serious infections, such as bacteremia and pneumonia (1) (2) (3) . Treatment of infections caused by S. aureus has been further complicated by antimicrobial resistance in the bacteria, particularly methicillin-resistant S. aureus (MRSA) (4) . These infections were initially associated with hospitalization or surgery (health care-associated MRSA [HA-MRSA]); however, recently cases of MRSA have been identified in which no risk factors for MRSA infection were found (4) . These cases are referred to as community-acquired MRSA (CA-MRSA) and represent a distinct group of bacteria as compared to HA-MRSA.
Because S. aureus can produce enterotoxins, the bacteria also pose a threat to humans who ingest food contaminated with the preformed toxins (5) . Staphylococcal food poisoning, characterized by vomiting and diarrhea, is a leading cause of food-borne illness in the United States (6) . In addition to causing staphylococcal food poisoning, food sources of S. aureus have recently expanded to include retail meat products from food-producing animals, including swine, poultry, and cattle (7) . MRSA has also been isolated from retail meat and from meat-producing animals. Transmission of MRSA from food animals to humans was first realized for swine, since pig farmers and family members were found to be colonized with MRSA sequence type 398 (ST398) (8) . Although methicillin-resistant ST398 was originally thought to be of animal origin and has been referred to as livestock-associated MRSA (LA-MRSA) (9) , results from a recent study suggest that ST398 originated with humans as methicillin-susceptible S. aureus (MSSA) (10) .
While close contact between food animals and humans is believed to increase the risk of transfer to humans (11) , two humans MRSA cases described as ST398 have been documented whereby no animal contact was reported by the patients, their family members, or any of their other close contacts (12) . This case study suggests that sources of ST398 other than animals may exist; one potential source may be MRSA-contaminated retail meat. The route of contamination of retail meat is thought to occur during slaughtering of MRSA-positive animals, in which the animal carcasses and the surrounding environment could serve as contamination points (13) . In the United States, regional studies of retail meat for the presence of MRSA have found very few samples containing MRSA, and only one MRSA ST398 isolate was identified (14) (15) (16) (17) (18) (19) . Recently, a study of conventional and retail pork products found higher prevalence levels; almost 27% of the samples were contaminated with an ST398-associated MRSA type (20) . A more recent study examined MRSA from swine herds through processing and to retail distribution (21) . Results from that study showed that MRSA was detected at different stages of the pork production chain and persisted from farm to retail levels, serving as a good indication that contamination at retail levels may originate at the farm level.
The studies conducted to date have been limited to food animals and retail products. Although the studies have characterized MRSA isolates from those sources and compared their genotypic and phenotypic characteristics to what has been found in human infections, none of the studies have compared human MRSA and retail meat MRSA from the same geographical area to identify which MRSA types are circulating among humans and retail meat during a defined period of time. This study was conducted to determine if human MRSA isolates donated by a local hospital in Athens, GA, were genotypically or phenotypically related to retail meat MRSA isolated from beef and pork products from local grocery stores during the same time period. Antimicrobial susceptibility testing, presence of resistance genes, multilocus sequence typing (MLST), spa typing, pulsed-field gel electrophoresis (PFGE), and SCCmec typing were used to compare the MRSA isolates.
MATERIALS AND METHODS
Sample collection. During a 12-week period in 2009, 100 (each) retail pork and beef products (prepackaged ground and whole pork and beef) were collected from 14 retail food stores in the Athens, GA, area representing both small (Ͻ1,000 stores) and major (Ͼ1,000 stores) chains of grocery stores. Approximately 10 items (each) of pork and beef were randomly collected weekly over the 12 weeks. Pork products included pork chops, ground pork, pork ears, pork feet, pork tails, pork cube steak, pork neck bones, pork stomach, pork spare ribs, pork liver, pork roast, pork hocks, and pork back bone. Beef products included steak (T-bone and New York strip), beef roast, ground beef, cubed beef steak, beef stew meat, beef tongue, and beef ribs. At least 2 lb (0.9 kg) of each meat item was purchased, and each product type was collected to ensure that cross-contamination from laboratory personnel to the product did not occur. Meat samples were refrigerated until processing on the same day of purchase. Human MRSA isolates were collected weekly during the same time period and were generously donated by a local hospital. Isolates were from anonymous human patients who were either admitted patients at the hospital or patients in the local emergency room. On condition of anonymity, none of the patient identifying information (gender, age, race, etc.), including the site of infection, was transferred to USDA personnel.
Isolation and identification. Meat samples (2 lb) were placed in sterile bags, and 100 ml of phosphate-buffered saline (PBS) (1ϫ) was added. Bags were vigorously shaken for 2 min to remove bacteria from the surface of the product, and then 1 ml of each rinsate was transferred to 9 ml BHI (brain heart infusion) (Becton, Dickinson, Sparks, MD) containing 6.5% NaCl and incubated for 24 to 48 h at 37°C. After incubation, a 1-ml aliquot from a positive BHI culture was transferred to mannitol salt broth (Becton, Dickinson) and incubated for 48 h at 37°C. A swab was used to transfer broth from positive cultures to mannitol salt agar plates for isolation of staphylococci. Plates were incubated for 24 to 48 h at 37°C. Three presumptive positive colonies were plated on blood agar and identified as presumptive S. aureus using the catalase test, coagulase test, and BD latex agglutination test (Becton, Dickinson). All resulting clones were identified to the genus and species levels using the Vitek 2 system (bioMérieux, Durham, NC) and the Vitek 2 Gram-positive identification cards according to the manufacturer's directions.
Antimicrobial susceptibility. MICs (g/ml) for S. aureus were determined by broth microdilution with the Sensititre semiautomated antimicrobial susceptibility system (Trek Diagnostic Systems, Inc., Cleveland, OH) and the Sensititre Gram-positive plate GPN3F according to the manufacturer's directions. Antimicrobials and breakpoints were as follows: ampicillin (AMP), Ն0.5 g/ml; ceftriaxone (CEF), Ն64 g/ml; ciprofloxacin (CIP), Ն4 g/ml; clindamycin (CLI), Ն4 g/ml; daptomycin, Ն4 g/ml; erythromycin (ERY), Ն8 g/ml; gatifloxacin (GAT), Ն2 g/ml; gentamicin (GEN), Ն16, Ն500 g/ml; levofloxacin (LEV), Ն4 g/ml; linezolid, Ն8 g/ml; oxacillin (OXA), Ն4 g/ml; penicillin (PEN) G, Ն0.25 g/ml; quinupristin-dalfopristin (Q/D), Ն4 g/ml; rifampin (RIF), Ն4 g/ml; streptomycin, Ն1,000 g/ml; tetracycline (TET), Ն16 g/ml; trimethoprim-sulfamethoxazole (TRI), Ն4 and 76 g/ml; and vancomycin, Ն16 g/ml). Resistance breakpoints for daptomycin (range, 0.25 to 8 g/ml) and streptomycin (1,000 g/ml) have not been established by CLSI. MIC values were manually recorded by using the Sensitouch system, and Clinical and Laboratory Standards Institute (CLSI) standards were used to determine resistance (22, 23) . Results were analyzed using the software program WHONET 5.4 (www.who.int/drugresistance /whonetsoftware) to determine resistance profiles. S. aureus ATCC 29213 was used as a quality control strain.
Molecular characterization. Presumptive S. aureus was confirmed as MRSA using a multiplex PCR to detect the presence of mecA (24) . The multiplex also contained primers for detection of staphylococcal 16S rRNA genes, as an internal S. aureus control, and eight additional antimicrobial resistance genes frequently reported in S. aureus conferring resistance to macrolides [erm(A) and erm(C)], aminoglycosides (aacA-aphD), tetracycline [ 
(tet(K)) and tet(M)], and streptogramins [vat(A), vat(B), and vat(C)].
Production of ␤-lactamases was carried out by PCR to detect the presence of blaZ (25) . The SCCmec type (26) , spa type (27, 28) , and multilocus sequence type (MLST) (29) were determined as previously described. The presence of the Panton-Valentine leukocidin (PVL) gene was detected using PCR as described elsewhere (30) . Macrorestriction patterns were determined using pulsed-field gel electrophoresis (PFGE) as previously described using 30 U of SmaI (Roche, Indianapolis, IN) (31). Cluster analysis was performed with the software program BioNumerics v6 (Applied Maths, Belgium) using the Dice coefficient and the unweighted pair group method (UPGMA). Optimization settings for dendrograms were 1% with a band tolerance of 0.869%. Positive and negative controls were included with all PCR runs performed. Positive controls were as follows: aacA-aphD-E. faecalis ATCC 49532, blaZ-S. aureus
ST00266, erm(A)-S. aureus RN1389, erm(C)-S. aureus RN4220, mecA-S. aureus ATCC 33591, tet(K)-S. aureus RB 36-1 (this study), tet(M)-E. faecalis OG1-SSp, vat(A)-S. aureus CIP 107907, vat(B)-S. aureus CIP 108540, and vat(C)-S. aureus CIP 107908.
Statistical analysis. Probability values of statistical significance among prevalences of S. aureus and MRSA from meat and human samples were determined using Fisher's exact test (SAS 9.2 software program; SAS Institute, Cary, NC). Statistical significance was defined as a probability value of Յ0.05.
RESULTS
Prevalence of staphylococci. During 2009, 100 (each) retail pork products and retail beef products were collected for testing (Table  1) . Of the retail meat samples, 13 different kinds of pork products and 7 different types of beef products were tested for the presence of staphylococci. Pork samples included cuts of pork containing portions of pig skin (pork ears, pork feet, pork hocks, and pork tails) and internal organs, such as pork stomach and pork liver; beef tongue was also tested for the presence of staphylococci. S. aureus was isolated from 108 retail meat samples (54%; 95% confidence interval, 52.2% to 55.8%). Significantly more S. aureus bacteria were isolated from retail beef than from retail pork (P ϭ 0.0157). Overall, 45% (45/100) of the pork products and 63% of the beef products were positive for S. aureus; only pork stomach and pork liver were negative (Table 1) . Other staphylococcal spe-cies were detected in the retail meat samples, including S. caprae, S. epidermidis, S. intermedius group, S. saprophyticus, S. sciuri, and S. xylosus from retail pork and S. saprophyticus, S. sciuri, S. xylosus, and S. warneri from retail beef. Every portion of retail meat tested was positive for either S. aureus or some other staphylococcal species (Table 1) .
S. aureus positive for mecA was identified in three retail pork samples (pork chops [n ϭ 2] and pork spare ribs [n ϭ 1]) and four retail beef samples (steak [n ϭ 1], roast [n ϭ 1], ground beef [n ϭ 1], and stew beef [n ϭ 1]) ( Table 1) . Two of the retail pork MRSA isolates originated with different samples (chops and ribs) from the same grocery store (store A), while the third positive sample (chops) was from a different grocery store (store B). Similarly, two of the positive beef samples (roast and stew beef) originated with one grocery store (store B), while the other two positive samples (steak and ground beef) originated with two different grocery stores (stores C and D); one grocery store (store B) was a common source of positive pork and beef samples (pork chops, steak, and stew meat). Human S. aureus isolates (n ϭ 100), collected from a local hospital during the same time period, were confirmed as S. aureus by the hospital. Of those, 50% (50/100) of the human S. aureus isolates contained mecA. No significant difference was detected between MRSA prevalences among the pork and beef samples (P Ͼ 0.05); significantly more MRSA was obtained from human sources than from both of the retail meat sources (P Ͻ 0.0001).
Antimicrobial resistance. Only the mecA-positive S. aureus isolates (n ϭ 57) were selected for further study. With the exception of two retail pork isolates which were susceptible to oxacillin, mecA-positive S. aureus isolates were resistant to ampicillin, oxacillin, and penicillin ( Table 2 ). All four MRSA isolates from retail beef were also resistant to ciprofloxacin, erythromycin, gatifloxacin, and levofloxacin. Seventy-five percent of the retail beef isolates were also resistant to ceftriaxone, while only one was resistant to clindamycin and tetracycline. MRSA isolates from retail pork were resistant to 10 of the 13 antimicrobials on the panel, including one to gentamicin; and like retail beef MRSA isolates, MRSA isolates from retail pork were also susceptible to rifampin and trimethoprim-sulfamethoxazole. This is in contrast to MRSA isolates from humans, since those isolates were the only ones resistant to rifampin and trimethoprim-sulfamethoxazole (Table 2) .
Multidrug resistance (resistance to Ն3 antimicrobials) was also prevalent among the isolates (Table 3 ). Resistance to nine antimicrobials and four classes of antimicrobials was detected in one MRSA isolate from beef. The most common resistance pattern was ampicillin (AMP), erythromycin (ERY), gatifloxacin (GAT), oxacillin (OXA), penicillin (PEN) in 14 MRSA iso- (Fig. 1) , while aacA-aphD, tet(M), vat(A), vat(B), and vat(C) were not detected in any of the isolates. Molecular characteristics. All MRSA isolates, including retail pork and beef isolates, were SCCmec type IV; subtyping of SCCmec type IV was not performed. Nine different spa types were detected among the isolates (t002, t008, t012, t024, t179, t337, t548, t681, and t1062) (Fig. 1) . Of the 57 MRSA, 32 isolates (56.1%) were spa type t008, followed by 17 (29.8%) which were spa type t002. One MRSA isolate from retail beef was spa type t008, while the rest were from human MRSA. All three sources of MRSA (beef, human, and pork) had isolates of spa type t002; three of the retail beef MRSA isolates were of this spa type. One human and one pork MRSA isolate were spa type t337. The remaining retail pork spa type was t012 (Fig. 1) . Four STs (ST5, ST8, ST9, and ST30) were detected using MLST. The majority of MRSA were ST8 (36/57; 63.2%), followed by ST5 (19/57; 33.3%). One retail beef MRSA isolate was ST8, while the remaining three were ST5; the retail pork MRSA isolates were of three different STs, ST5, ST9, and ST30. The majority of human MRSA isolates belonged to ST8 (35/57; 61.4%). Thirty-seven MRSA isolates one of which was a retail beef MRSA isolate (isolate 36-1), were positive for pvl (Fig. 1) .
Genetic relatedness. As determined by PFGE, the vast majority of MRSA isolates clustered at the top of the dendrogram were ST8, t008, and pvl ϩ , while only four isolates were characterized as ST5/t002 (Fig. 1) . In contrast, the majority of MRSA isolates (57%) clustered toward the bottom of the dendrogram were ST5/t002. Three isolates (human isolates 89, 93, and 98) were identical by PFGE but had different STs and spa types. One retail beef MRSA isolate (beef 36-1), originating with ground beef, was greater than 80% similar to a human MRSA isolate (human 78; cluster A). Both isolates were ST8/t008 and pvl ϩ . The three other retail beef MRSA isolates were identical in pattern to two individual human MRSA isolates. Retail beef MRSA isolates 51-1 and 52-1 were identical in pattern to human MRSA isolate 78, and retail beef isolate 41-2 was identical to human isolate 91 (Fig. 1, clusters B and C) . All of those isolates were ST5/t002, and isolates in cluster B also had identical antimicrobial resistance patterns. Retail beef MRSA isolates 51-1 and 52-1 originated with roast and stew beef from the same grocery store; isolate 41-2 originated with steak from a different grocery store. None of the PFGE patterns from the pork samples exhibited greater than 70% similarity to any of the patterns from human MRSA isolates. 
DISCUSSION
Previous studies in the United States to detect the presence of MRSA in retail pork and beef have focused primarily on products popular with the consumer (i.e., ground pork and beef, pork chops) (14) (15) (16) (17) (18) (19) . In the southern United States, other cuts of pork and beef are regularly available in grocery stores in the area. In this study, in addition to testing the more common cuts of pork and beef, additional pork and beef products were also sampled to determine if they also are a source of staphylococci and/or MRSA. These samples included pork ears, pork feet, pork tails, and pork hocks, which included intact parts of the skin of the pig, as well as some internal organs, such as pork liver and beef tongue. A recent study included a number of cuts of pork different from those normally reported (pork riblet, pork ribs, pork sausage, pork steak, pork loin, and pork roast), which may or may not be the same as or similar to some of the products sampled in this study (20) . However, although the cuts may be similar in name, comparisons between the individual items are not made in this study in order to avoid error between the samples. Prevalence of S. aureus on retail pork products from other studies has ranged from 12% to 59.7% (14) (15) (16) (17) (18) (19) (20) . Results from this study are similar to those in the other published reports, since S. aureus was found on 45% of pork products in this study. In contrast, while the prevalence of S. aureus in retail beef products from other studies has ranged from 20% to 37%, the prevalence of S. aureus from retail beef from this study was higher, at 63%. This could be due to the different beef products tested in this study compared to those in the other studies. Furthermore, the sample size was relatively low in this study, which may also account for the difference in percentages. It was surprising that the prevalence of S. aureus on steak (62%) was almost as high as the prevalence of S. aureus on ground beef (69.2%), suggesting that other cuts of meat, as well as the more popular items, should be tested for the presence of S. aureus and MRSA. These meat items may serve as reservoirs of resistant S. aureus, as with other retail meat samples.
In addition to the prevalence of S. aureus, the percentage of S. aureus isolates which were also MRSA was consistent with that in other studies. MRSA in retail pork has ranged from 0.14% to 6.6% and from 1.3% to 3.3% in retail beef; we detected 3% and 4% in retail pork and beef, respectively, from this study (14, 15, (17) (18) (19) (20) . While the sampling methods, samples, times of sampling, and geographical sampling locations were different among the studies, the consistency in the prevalence of S. aureus in pork and the MRSA prevalence in retail pork and beef among the studies lends some degree of assurance that all of these differences may not be significant enough to prevent comparison between the studies. This is subject to change over time as more studies are performed including testing of retail meat products from different regions of the United States, which may reflect cultural preferences.
Few studies have included human MRSA in comparison to MRSA from retail meat. One study characterized antimicrobial resistance in S. aureus from retail chicken carcasses and pet workers in Arkansas (16) . Thirty percent of the human isolates were resistant to oxacillin, whereas 50% of the human isolates in this study were MRSA. Although the specific staphylococcal human infection site was unknown in the present study, the prevalence of MRSA was not surprising since the human isolates were obtained from the local hospital, indicating that some kind of infection was present or suspected, causing the patient to seek medical attention. Of interest was multidrug resistance in the human MRSA isolates. All human MRSA isolates were resistant to at least three antimicrobials and up to four different classes of antimicrobials. This is consistent with human MRSA from pet workers, where 94% of those isolates were resistant to two or more antimicrobials (16) . Multidrug resistance in retail beef and pork MRSA was also prevalent, with isolates in both groups exhibiting resistance to three classes of antimicrobials. This has also been observed in other studies, where high levels of retail pork and retail beef isolates displayed resistance to three or more antimicrobials (Ն2 antimicrobial classes) (15, 32) . Most of the multidrug resistance can be attributed to the presence of a few resistance genes commonly found in staphylococci. In some isolates, resistance was detected without a corresponding resistance gene. This was most likely because only a few resistance genes were tested and the gene conferring resistance was not one of those tested. In two instances, tet(K) was detected, but tetracycline resistance was not, possibly due to an inactive or defective gene. Detection of mecA in two MRSA isolates from pork which were resistant to ampicillin and penicillin but susceptible to oxacillin could also be the result of a nonfunctional gene, other resistance genes (such as blaZ), or a heterororesistant population (33) . Contrasting with results in other published reports, the lack of tetracycline resistance overall and especially in MRSA from meat products was remarkable. Results from this study were different from those in other studies which have detected high percentages of tetracycline resistance in S. aureus from retail pork and beef (15, 19, 32) . High levels of tetracycline resistance in retail pork would be expected, since other studies have found very high levels of tetracycline resistance in swine (21, 34) . Finally, one of the more important observations from antimicrobial susceptibility testing was that none of the human MRSA isolates or MRSA isolates from retail meat were resistant to clinically important antimicrobials, including daptomycin, linezolid, Q/D, or vancomycin (15) .
Several molecular typing methods were used to characterize the isolates, including MLST, spa typing, SCCmec typing, and PFGE. PFGE is considered the "gold standard" for molecular typing of S. aureus and provides consistent results because the protocol is essentially standardized and has evolved as an efficient tool for epidemiological investigations (35) . In the United States, the Centers for Disease Control and Prevention has established standardized protocols and a national database for typing MRSA (31) . DNA sequencing technologies have advanced newer typing methods, such as MLST, which uses sequence analysis of housekeeping genes to discriminate between isolates (29) . Both spa typing and SCCmec typing are specific for staphylococci and analyze polymorphisms in the protein A gene and variations in the mec element, respectively (36, 37) . Each method has limitations, including typeability, reproducibility, discriminatory value, cost, time, and ease of use (35, (38) (39) (40) (41) . Combining these techniques enhances discriminatory power and provides means to trace epidemiologically related strains and to compare results from other studies (35, 41) .
Although none of the retail meat MRSA isolates was identified as ST398, four STs (ST5, ST8, ST9, and ST30) were identified. ST5 and ST8 are both human-associated types predominant in HA-MRSA and CA-MRSA, respectively (42) . These were found primarily in the human MRSA isolates, but one of the retail pork MRSA isolates and three retail beef MRSA isolates belonged to ST5, and one beef MRSA isolate was ST8. ST5 has been previously found in retail pork and beef in the United States, as has a poultryadapted clone that was reported to have originated in humans (15, 17, 43) . Like ST5, ST8 has also been found in retail meat, including chicken, turkey, pork, and beef (14, 15, 17, 18) , and both have been found previously in live swine (34, 44, 45) . Two of the retail pork isolates were susceptible to oxacillin although they contained mecA; one was identified as belonging to ST9, and the other was ST30, both associated with swine and characterized as MSSA (46, 47) . ST9 has also been found in retail turkey samples in the United States (14) . In addition to retail pork and beef, both STs have been associated with humans; ST9 has been previously isolated from healthy humans in Germany, while ST30 has been identified as CA-MRSA in European countries (46, 47) .
Of the nine spa types identified, t002 and t008 were the most prevalent. These spa types are common among human MRSA isolates but have also been found previously in retail meat (14, 17, 18, 20) . Three retail beef MRSA isolates and one retail pork MRSA isolate were spa type t002, and one retail beef MRSA isolate was spa type t008. The remaining two retail pork MRSA isolates were spa types t337 and t012, which have been found previously in retail pork and retail chicken, respectively (14) . ST9/t337 is swine-associated MSSA, but t337 was also found in human MRSA (ST8/t337) which was resistant to oxacillin in this study. We are unaware if this spa type has been previously reported for human MRSA. In contrast to spa typing, only one SCCmec type, type IV, was detected in the isolates. SCCmec type IV is variable in size and diverse in composition; to date, at least seven subtypes have been described (48) . In addition to being associated with CA-MRSA, SCCmec type IV has been found previously in MRSA in retail meat in the United States (14, 17, 18) . PFGE analysis of the isolates revealed nine groups of isolates with indistinguishable PFGE patterns. Two human MRSA isolates (human isolates 11 and 15) had identical PFGE patterns and STs but different spa types (t008 and t024). These two types are clones of USA300 but have different characteristics, including clindamycin resistance in t024 and pvl positivity in t008 (49) . However, in this study, human MRSA isolate 11 (ST8/t024) was also pvl ϩ , indicating that a rare clone may be circulating in the U.S. population. This clone was first reported during an outbreak of CA-MRSA in the Netherlands caused by ST8/t024 (pvl ϩ ) (50) . Retail beef MRSA isolates in PFGE clusters B and C were 100% similar in pattern and also in ST and spa type to human MRSA. One additional retail beef MRSA (cluster A) had a PFGE pattern similar to that of a human MRSA isolate. Although the personnel at the grocery stores were not tested, these data suggest that the retail beef samples were contaminated from a human source sometime during processing of the meat. The possibility of human contamination of retail meat has also been proposed previously (17, 18) . Furthermore, because the retail beef MRSA isolates were identical to two common human clones circulating in the U.S. population, this suggests that there may be a risk, however slight, that humans may become colonized with these clones if retail meat is not properly handled. Finally, although none of the retail pork MRSA was similar in PFGE pattern to human or retail beef MRSA, these isolates were also not similar to each other. Retail pork isolate 51-1 was the most similar to human MRSA but was also the only retail pork MRSA isolate identified as ST5/t002.
Conclusions. In this study, we compared retail pork and beef MRSA to MRSA from human sources. Although this was a small study in a limited geographical area, this study serves as an indication that staphylococci and MRSA are present on retail meat, and some of those isolates are identical to those found in HA-MRSA and CA-MRSA infections. Because this study focused on antimicrobial-resistant isolates, primarily MRSA, a limiting factor of the present research is that only MRSA isolates from symptomatic humans were compared to the S. aureus bacteria isolated from meat products. Comparison of all S. aureus isolates regardless of antimicrobial resistance phenotype, may have revealed a more diverse collection of isolates rather than focusing on MRSA, which tends to be more clonal. Detection of the presence of known virulence factors in MSSA would be necessary, because although oxacillin resistance would be absent, virulence genes may be present and may also be a source of hazardous S. aureus for the human population. While the origin of the MRSA isolates from retail pork and beef remains unknown, there may be a slight risk of colonization of humans with MRSA from retail meat. Additional studies are needed in order to assess the risk of MRSA colonization to consumers and others who handle raw meat.
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